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Two-dimensional echocardiography and indium-Ill
platelet scintigraphy were performed on 50 dogs to de-
termine the influenceof clot age and size on the detection
of experimentally induced left ventricular mural throm-
bus. Thrombus was induced hy apical infarction and
injection of a sclerosing agent and thrombin. The ani-
mals were classified into four groups according to the
time of indium-HI platelet injection after thrombus in-
duction: Group I (17 dogs, Yz hour after induction; 3
dogs, before induction), Group II (12 dogs, 24 hours
after induction) and Group III (12 dogs, I week after
induction). In Group IV (six control dogs) apical in-
farction was produced, but thrombin was not injected;
indium-HI platelets were injected Yz to 1 hour after
infarction. The dogs were studied by indium-lll platelet
scintigraphy and by two-dimensional echocardiography
Yz to 5 hours (Group I) and I to 5 and up to 72 hours
(Groups II to IV)after platelet administration and before
death was induced.
Left ventricular thrombi are common in the setting of acute
myocardial infarction ; between 25 and 48% of patients who
have an acute transmural anterior myocardial infarct develop
a left ventricular thrombu s and are at increased risk for
compl ications of systemic emboli sm ( 1- 7) . In patient s with
a ventricular thrombu s, the prevalence of clinically diag-
nosed embolism varies from 6 to 47% depending on the
method of documentation , and ranges from 33 to 64% in
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Two-dimensional echocardiography showed the best
overall sensitivity for detection of acute thrombus (97%;
29 of 30). The sensitivity of indium-HI platelet scintig-
raphy was 86% (18 of 21) for clots 2: 0.08 ml in size,
and 67% (20 of 30) for detection of all clots, Thrombus
did not form in 14 dogs of Groups I to III and in 6 of 6
control dogs. The specificity of scintigra phy was 100%
(20 of 20) compared with 80% (16 of 20) for echocardi-
ography. Echocardiography was more sensitive than
scintigraphy for detecting very small clots in this exper-
imental model. Most thrombi were detected by scintig-
raphy within 24 hours of injection of the labeled plate-
lets, and the best specificity was achieved with this
technique. Indium-HI platelet scintigraphy should be a
useful alternative to two-dimensional echocardiography
for detecting acute left ventricular thrombus after myo-
cardial infarction.
(J Am Coli CardioI1987;9:1057-66)
autopsy series (1-6,8-11) . Prompt diagnosis and initiation
of anticoagulant therapy significantly reduce morbidit y sec-
ondary to cerebrovascular accident s and other vascular em-
bolic complications (5- 7 , 12).
Two-dimensional echoc ardiography is a rapid , nonin-
vasive technique for detecting intraventricular thrombi
(13-16). However. up to 25% of studies , particularly those
in patients with lung disease, may be technically inadequate
for interpretation (13 ,14), Indium-III platelet scintigraphy
was recently shown (14.17,18) to be a useful alternati ve to
two-dimensional echocardiography for detecting ventricular
thrombi. but the data were obtained primar ily from patient s
with a chronic thrombu s who were undergoing cardiac sur-
gery .
Indium-Ill platelet scintigraphy has not yet been eval-
uated in an animal model of ventr icular thrombus . Thi s
would allow more precise documentation of the size of the
0735 -10971871$3 .50
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acute thrombus at the time of detection . Animal studies of
venous thrombi have shown that indium-III platelet scin-
tigraphy is most sensitive for detecting fresh thrombi that
are still undergoing active platelet deposition (19-21) . Vi-
sualization of older venous thrombi requires longer delays
between injection and imaging than does visualization of
fresh thrombi (20) .
Maximal sensitivity for detection of a ventricular throm-
bus also requires optimization of the imaging time in relation
to the age of the thrombus. In humans, chronic ventricular
thrombi are best detected 72 to 96 hours after platelet in-
jection (17,18); acute ventricular thrombi may require a
shorter imaging delay before visualization. The influence
of thrombus age, size and the time between thrombus for-
mation and indium-Ill-labeled platelet injection on the di-
agnostic sensitivity and specificity of indium-Ill platelet
scintigraphy has not been established . Moreover, the effect
of thrombus size on the sensitivity and specificity of two-
dimensional echocardiography is uncertain .
The purpose of this study was to determine the influence
of thrombus age and thrombus size on the detection of left
ventricular thrombus by two-dimensional echocardiography
and indium-III platelet scintigraphy in a canine model. The
value of blood pool correction of indium-III platelet scin-
tigraphy with technetium-99m labeled red cells was also
investigated.
Methods
Experimental preparation. A modification of a canine
model originally reported by Solandt et al. (22) and further
used by Mikell et al. (23) was used to study the detection
of left ventricular mural thrombi. After induction of anes-
thesia with intravenous sodium pentobarbital (20 to 25 mglkg
body weight), accompanied by positive pressure ventilatory
support, a left thoracotomy was performed and the heart
was exposed in a pericardial sling . Lidocaine (2 mg/kg) was
administered intravenously, followed by ligation of the left
anterior descending coronary artery at its midpoint. Addi-
tional ligations were performed on any other vessels that
appeared to supply the cardiac apex . After a stabilization
period of 15 to 20 minutes, a baseline echocardiogram was
performed from the right side to document the presence of
apical dyskinesia. In 44 dogs, thrombus induction was at-
tempted by injecting 0.35 cc of 5% sodium ricinoleate, a
scleros ing agent, at the endocardial-blood interface of the
left ventricular apex . Because ricinoleate alone produces
thrombus inconstantly, the model used by previous inves-
tigators (22,23) was modified to include thrombin injections
at the subendocardium to promote thrombus formation. The
chest was then closed.
Immediately after thrombin injection (100,000 units) two-
dimensional echocardiography was performed to determine
whether additional thrombin injections might be needed for
successful thrombus induction. Such injections were per-
formed if the echocardiographic study failed to reveal a clot.
In six control dogs , the chest was closed after coronary
artery ligation , without injection of ricinoleate or thrombin.
Indium-Ill-labeled platelets were injected within lf2 to I
hour and the dogs were imaged at 5, 24 and 48 hours after.
Indium-Ill platelet labeling. In each dog, autologous
platelets were labeled with indium-III using a modification
of the technique described by Hawker et al. (24) . Whole
blood (43 ml) collected in 7 ml of anticoagulant-citrate-
dextrose solution was centrifuged at 200 g in a sterile 50
ml conical centrifuge tube for 10 to 15 minutes. Then 15
ml of platelet-rich plasma was transferred through a sterile
pipette into another sterile centrifuge tube and 5 ml of cal-
cium-free Tyrode's buffer containing 0 .015 mg/ml prosta-
glandin E) was added. After centrifugation at 800 g for 8
minutes , the supernatant was decanted and the platelet pellet
resuspended in 0.5 ml buffer . Indium-III oxine (Amersham
Corp .) was added to the platelet suspension. After a 5 minute
incubation , 10 ml of buffered plasma was added and the
tube was centrifuged at 800 g for 8 minutes. This was done
to bind any remaining free indium . The supernatant con-
taining free indium was then decanted , and the labeled plate-
lets were resuspended in cell-free plasma. The labeling ef-
ficiency averaged 75% (range 18 to 92%). More than I x
109 platelets were labeled and 180 to 240 JlCi of labeled
platelets was injected intravenou sly into each dog .
Study groups. The dogs were classified into four groups
according to the time of indium-III platelet injection in
relation to the time of surgery . Group I comprised 20 dogs ;
in 17, indium-III platelet s were injected lf2 hour after
thrombus induction and in 3, the platelets were injected
before attempted thrombus induction . AIl Group I dogs were
imaged continuously from '12 to 5 hours after indium-Ill
platelet injection, while they were still anesthetized. In Groups
II to IV each dog was sedated before imaging with droper-
idol and fentanyl (0.13 mllkg) supplemented with pento-
barbital (10 mg/kg) . Group II comprised 12 dogs that re-
ceived autologous labeled platelets 24 hours after thrombus
induction; Group III comprised 12dogs that received labeled
platelets I week after thrombus induction .
In the control group of six dogs (Group IV), thrombin
was not injected . Indium-Ill platelet s were injected intra-
venously within lf2 to I hour and the control dogs were
imaged for 5 hours before death was induced. In Groups II
and III , scintigraphic imaging was obtained 1 to 5 and 24
hours after injection of labeled platelets; if no thrombus was
visualized , imaging was repeated at 48 and 72 hours if
possible . In each animal , two-dimensional echocardiog-
raphy was performed immediatel y before or after each scin-
tigraphic examination for subsequent comparison with in-
dium-III platelet scintigraphy. The echocardiogram obtained
at the time of the final scintigram performed in each animal
was used for the final interpretation. The dogs were killed
at the completion of the imaging studies.
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Figure I. Pathologic specimens. Two excised hearts
containing a 1.0 ml thrombus (a r rows) 5 hours after
induction (lower) and a 0.15 ml thrombus (a r rows) 7
days after induction (upper) .
2 3 4 5 6
Verification of thrombus induction. Immed iately after
each dog was killed , the heart was removed from the tho-
racic cavity and opened . The thrombu s was inspected and
the site of attachment noted. Residual blood was rinsed from
the chambers with saline solution and scintigraphy was re-
peated. The clot was then dissected from the myocardi al
wall and weighed and its volume was measured by dis-
placement. The clot was then placed in a standard 16 X
125 mm plastic counting tube . The volume was brought to
a standard level with dilute formalin . Each specimen was
counted, in triplicate , using a Picker Spectroscaler 4-R well
counter. Figure I shows examples of typical thromb i.
Echocardiography. Two-dimensional echocardiog-
raphy was performed using a Toshiba phased-array ultra-
sonoscope. The closed chest animals lay on their right side;
the 2.4 MHz transducer was placed at the palpable cardiac
apex from below. Multiple long- and short-axis real-time
images were recorded on videotape, with care taken to in-
clude the cardiac apex in order to optimally visualize any
thrombus.
The echocardiographic studies were interpreted indepen-
dently by two experienced cardio logists (R.E.K. and E.S. )
who had no knowled ge of the results of indium-III platelet
scintigraphy or of the success of thrombu s induction . The
study was considered positive for thrombu s when a discrete
echogenic mass was seen protruding into the left ventricular
cavity. We required that the mass be distinguishable from
the endocardium and chordae tendin eae in at least two sep-
arate planes. These criteria have been used by other inves-
tigators (2,4, 13- 17) . It was not a purpose of this study to
evaluate or modify these criteria. Figure 2 shows three ex-
ample s of positive eehocardiograms.
Scintigraphy. A Siemen s small field of view camera
fitted with a medium energy collimator was used for scin-
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Figure 2. Two-dimensional echocardiograms, A, A large throm-
bus (arrows) occupies the left ventricularapex. 8, A small throm-
bus (arrow) occupies the left ventricular apex. C, A long string-
like thrombus (arrow) extends from the left ventricular apex to
the chordae tendineae.
tigraphy , and the images were acquired on an ADAC DPS
2800 microcomputer. Stannous ion. 0.5 mg . was injected
intravenously, followed by I mCi of technetium-99m per-
technetate 15 minutes later. Indium-Ill images were then
obtained for 200,000 counts in the left and right anterior
oblique projections. Indium-III acquisitions utilized both
173 and 247 keY peaks with 10% upper and a 5% lower
window setting. The narrow lower window setting was used
to exclude recording photons from the technetium-99m in
the indium window.
Blood pool-subtracted images were also generated for
every study using a modification of the method described
by Powers et al. (25). The technetium-99m blood pool im-
ages were acquired using a 5% window centered at 140
keY . Each pixel element of a 128 x 128 matrix subtracted
image was generated using the formula
In EXC = InTOT - TCI! (InREF{fcREF),
where InExc (indium excess) is the net indium-III activity
reflect ing accumulation of labeled platelets , InTOT is the
acquired indium-III activity in the corresponding pixel of
the acquired image and Tco repres ents recorded counts in
the corresponding pixel of the tcchnetium-99m blood pool
image . InREF and TCREF are the total indium- I II and tech-
netium-99m counts, respectively, obtained from a reference
region (over the ascending aorta) in which blood pool ac-
tivity is high and active platelet deposition is presumed to
be absent.
Two independent observers (J.E.S . and G.R .C. ) re-
viewed the analog and blood pool- subtracted images sep-
arately and interpreted them as negative (no clot) or positive
(clot). A study was interpreted as positive if a discrete focu s
of increased radioactivity was visualized within the confines
of the left ventricle. The observers had no knowledge of
the echocardiographic results, the presence or absence of
thrombus or the time of imaging relative to the injection of
indium-III platelets. Figure 3 shows an example of a pos-
itive indium-III platelet scintigram.
Statistical analysis. Sensitivity was taken as the true
positive divided by the true positive and false negative stud-
ies. Specificity was defined as true negative divided by the
true negative and false positive studies. Comparisons of the
sensitivity and specificity of the two imaging techniques
were done using chi-square testing.
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Figure 3. Indium-III (iN- I II ) plate-
let scintigram obtained 2 days after
clot induction and 24 hours after la-
beled platelet injection showing in-
dium-II I platelet localization in an
apical left ventricular clot (arrow).
Upper left, Analog image; upper
right , technetium (Tc)-99m-redblood
cell (RBC) blood pool image; lower
left, blood pool-subtracted image;
lower right , image of excised heart.
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Results
Echocardiography versus indium-Ill scintigraphy.
Tw o-d imen sional echocardiography detected all of the ex-
perimentally induced thrombi , except one small clot mea-
suring 0.05 rnl (Fig. 4). Detection of ventricular thrombi
by indium-Ill platelet scintigraphy appeared to be related
to clo t size and age and improved with time over the first
5 hours . Of the 20 dog s in Group I that were killed within
6 hour s after indium -III platelet injection, 12 had an au-
topsy-ver ified ventricular thrombus . If the thrombus was
greater than I ml in size , the sensitivi ty of both two-d i-
mensional echocardiography and indium- I l l platel et scin -
tigraph y was 100% (eight of eight) . If the thrombus was
less than I ml in size, two-dimensional echocardiography
was positi ve in 75% (three of four), whereas indium- I I I
platelet scintigraphy was positi ve in only 25% (one of four ).
Among the eight dogs in Group I that did not develop a
left ventricular thrombus, two had a false positive two-
dimensional echocardiographic study. No dog had a false
positive indium- I l l platelet scintigram, but three had a false
negative study (Fig . 4) . One of these dogs had a 0 .9 ml
clot that was not visuali zed even when the heart was re-
moved from the dog and reim aged (Table I ). It also had
very low indium-Ill counts per gram of clot, and a low
platelet labeling efficiency of 18%. Another had a very small
clo t of 0 .05 ml that also was not visualized when the heart
Figure 4. Comparison of indium-I I I (in- I I I) platelet scintigra-
phy and two-dimensional echocardiography (2DE) by clot size and
age. FN = false negative; FP = false positive; TN = true neg-
ative; TP = true positive; ~ = technical problem with platelets.
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Table 1. Resu lts o f Ind ium-I I I-Plate le t St udies fo r All Dogs Fo und to Have a Left
Ve ntricular Thrombus
Hours to Positive Indium-II I
Clot Size Indium-I I I Indium-I II Heart % Dose/g
(ml) in Vivo Image Excised of Clot
Group I (n = 12 of 20)
2.8 Pos 2 Pos 1.2
2.4 Poo 2 Pos 1.6
2.2 Pos 2 Pos 0 .8
2. 1 Pos ,/, Pos 7.7
1.6 Pos I V, Pos 4 .0
1.4 Pos I Pos 2.9
1.2 Pos Y. Pos 0.6
1.0 Pos I Pos 5.0
0.9 Neg* 4 Neg 0 .02
0 .8 Negt 4 Pos 0.8
0. 6 Pos I Pos 0 .5
0.05 Neg 4 Neg 0.03
Group II (n = II of 12)
1.4 Pos 5t.24 Pos 0.3
1.3 Pos 3 Pos 0 .7
0.4 Pos 3 Pos 0 .5
0 .2 Pos 3 Pos 1.0
0. 17 Pos 3 Pos 1. 1
0.08 Pos 24t Pos 0 .8
0 .07 Negt 24 Neg 0 .08
0.Q7 Pos 4t . 24 Pos 0 .9
0.07 Neg] 24 Pos 0 .4
0. 06 Negt 48 Pos 1.3
0 .05 Negt 48 Neg 0. 1
Group III (n = 7 of 12)
0.45 Pos 24 Pos 0 .6
0.3 Neg* 72 Neg U.U5
0.15 Pos 24t Pos 5.2
0.1 I Post 48t Pos 4 .1
0.04 Post 24 Pos 2.7
0.02 Neg 72 Pos 1.2
0 .0 1 Negt 72 Pos 4 .9
*Poor platelet labeling efficiency of 18%. t Mobile clots on two-dimensional echocard iography . t Blood
pool-subtracted image only. §Portion of dose infiltrated at injection site.
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was removed. The third dog had a very mobile 0.8 ml clot
that was visualized when the heart was excised .
Role of clot size. In 12 dogs (Group II) left ventricular
thrombus induction was attempted 24 hours before injection
of indium- I I I labeled platelet s. Thrombus formed in 11 of
these dogs (Fig. 4). Both two-dimensional echocardiog-
raphy and indium- I l l scintigraphy detected six of six clot s
when the size of the thrombus was 2::0.08 ml. Of five thrombi
Tab le 2. Se nsit ivit y and Specificity for Scintigraphic and Echo card iographic Im ag ing M odal itie s
by Clot Size
Size Indium-I I I PS 2-D Echo p Value
Sensitivity"
< 0 .08 ml 2 of 9 (22%) 8 of 9 (89%) < 0. 0 1
2:0 .08 ml 18 of 2 1 (86%) 2 1 of 2 1 (100%) NS
Overall 20 of 30 (67%) 29 of 30 (97%) < 0. 0 1
Specificityt
Overall 20 of 20 (100%) 16 of 20 (80%) < 0.0 1
*True posit ive/true positive plus false negative; ttrue positive/true negative plus false positive. 2-D echo
= two-d imensional echocardiography; PS = platelet scintigraphy.
lACC Vol. 9. No.5
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Figure 5. Indium-Ill (IN-Ill) plate-
let scintigraphy showing labeled plate-
let localization in an apical left ven-
tricular clot. Upper panel, Negative
5 hour(left) andpositive 24hour(right)
analog images. Lower panel, Positive
5 hour(left) and24 hour(right) blood
pool-subtracted images. p = post.
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<0.08 ml, five were detected by echocardiography, whereas
only one was detected by scintigraphy. Six of the seven
clots visualized by platelet imaging were detected within 5
hours after platelet injection (Table I). Two of these six
were visualized only on blood pool-subtracted images and
all six were better visualized on the 24 hour images. One
additional 0.08 ml clot was detected when indium-Ill plate-
let imaging was repeated 24 hours after injection of labeled
platelets and was visualized only when blood pool subtrac-
tion was utilized. One heart had no evidence of a thrombus
when opened and both echocardiographic and scintigraphic
images were negative.
In Group III, 12 dogs had thrombus induction attempted
I week before injection of indium-I I I platelets. Seven dogs
showed a thrombus at autopsy and five did not. Two-di-
mensional echocardiography detected seven of seven thrombi,
but only four of seven were identified by indium-Ill platelet
scintigraphy (Table 1). In two of the dogs, blood pool-
subtracted images demonstrated a thrombus at 24 hours,
when the indium-Ill platelet analog images were negative.
In the three dogs with a falsely negative platelet image, two
clots were very small (0.01 and 0.02 ml). However, both
clots were visualized when the hearts were removed, rinsed
out and reimaged. The third dog had a larger 0.3 ml clot.
This dog had a portion of the indium- I I 1 platelet dose
infiltrate into the leg during injection. On the indium- I II
platelet images multiple foci were evident in the lungs,
suggesting pulmonary emboli. There was also rapid clear-
ance of labeled platelets from the blood pool and increased
hepatic localization. These findings strongly suggest that
the labeled platelets were activated in this animal at the time
of injection. Two of the five dogs in this group that did not
have a cardiac thrombus had a false positive result on two-
dimensional echocardiography but negative scintigraphic
findings (Fig. 4).
Specificity. Each of the six control dogs (Group IV)
showed no evidence of a thrombus at the time of induced
death. All six dogs had negative indium-Ill platelet scin-
tigraphic and negative two-dimensional echocardiographic
images. In all, 20 dogs had no evidence of a thrombus when
the heart was excised and examined immediately after the
dog was killed. Of these 20, 4 had false positive two-di-
mensional echocardiographic studies (specificity 80%),
whereas all of the indium-Ill platelet scintigraphic studies
were negative (specificity 100%) (Table 2). No focal iri-
dium-Ill platelet localization was identified after these 20
hearts were excised and reimaged.
Sensitivity. In 10 dogs a thrombus was not visualized
by indium-III platelet scintigraphy during life. Five (50%)
of the 10 showed focal indium-Ill platelet localization as-
sociated with the clot when the heart was removed, rinsed
and reimaged (Table I). These thrombi were very small:
0.8 ml (Group I), 0.06 and 0.07 ml (Group II) and 0.01
and 0.02 ml (Group III). Four of the five thrombi were also
very mobile.
The sensitivity for detection of thrombi by indium-Ill
platelet scintigraphy was 9 (75%) of 12 for Group I, 7 (64%)
of 1I for Group II and 4 (57%) of 7 for Group III, giving
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an overall sensitivity of 67% (20 of 30). For thrombi ~0.08
ml the sensitivity of indium-Ill was 86% (18 of 21), but
only 22% (2 of 9) for smaller clots (Table 2). The sensitivity
of two-dimensional echocardiography was 83% (II of 12)
for Group I and 100% for Groups II and III or 97% (29 of
30) for all ventricular thrombi.
The predictive value of a positive study was 100% (20
of 20) for indium-Ill platelet scintigraphy and 83% (19 of
23) for two-dimensional echocardiography. The predictive
value of a negative study was 67% (20 of 30) for indium-
III platelet scintigraphy and 94% (16 of 17) for two-di-
mensional echocardiography.
Discussion
Echocardiography versus indium scintigraphy. Im-
aging techniques provide a direct means of establishing the
diagnosis of a left ventricular thrombus. Contrast angiog-
raphy is invasive and can detect only 20 to 50% of proven
left ventricular thrombi (3,26,27). The sensitivity of two-
dimensional echocardiography has been reported (4-7) to
range from 77 to 95%, with a specificity ranging from 88
to 93%. On the basis of three clinical studies (14,17,18),
the sensitivity of indium-Ill platelet scintigraphy has varied
between 65 and 77%, with specificities ranging from 88 to
98% for detection of chronic thrombi.
Two-dimensional echocardiography is a rapid, portable
and noninvasive imaging modality and has gained wide-
spread use for the detection of cardiac thrombus. However,
each study is dependent on the skill of the examiner and
technical problems in acquiring the study may result in
equivocal or even uninterpretable images. Near field ech-
ogenic noise can produce artifacts that mimic the appearance
of an apical thrombus (23). Image degradation can occur in
patients with chronic lung disease because of the expanded
lung volume between the heart and transducer. These sit-
uations define a role for an alternative imaging technique:
indium-Ill autologous labeled platelets.
Clinical studies (17,18) have shown that the sensitivity
of indium-Ill platelet scintigraphy improves when imaging
is performed more than 48 hours after the injection of ra-
diolabeled platelets. However, in almost all of these pa-
tients, a chronic ventricular thrombus was present. Such
older thrombi are thought to accumulate platelets at a slower
rate than fresh, recently formed thrombi. Thus, ventricular
thrombi forming shortly after myocardial infarction are likely
to accumulate platelets at a faster rate, which may permit
clot visualization sooner than 48 hours after injection. Un-
fortunately, in each of the clinical series reported to date,
the method of documenting the presence of a left ventricular
thrombus has been variable. Virtually all the thrombi that
were verified at surgery or necropsy were chronic thrombi.
The actual size of each thrombus was not reported, and its
actual age was not known. Thus, the sensitivity and spec-
ificity of each technique for detecting acute thrombi have
not been well established.
Because the current study was performed in an animal
model, the age of the thrombus was always known, the
amount of labeled platelets was incorporated and the volume
of the thrombus could be determined almost immediately.
Two-dimensional echocardiography achieved a higher sen-
sitivity than indium-Ill platelet scintigraphy for detecting
very small thrombi (89 versus 22% [p < 0.01] for clots less
than 0.08 ml; Table 2 and Fig. 4). Two-dimensional echo-
cardiography was able to detect thrombi within minutes of
induction; however, it also yielded four false positive inter-
pretations among the 20 hearts in which no thrombus could
be demonstrated on immediate removal and examination.
Role of time hetween thrombus induction and labeled
platelet injection. As the time between thrombus induction
and labeled platelet injection increased from 1/2 hour (Group
I) to ~24 hours (Groups II and III), indium-Ill platelet
scintigraphy detected smaller thrombi. This observation can
be partly explained by the marked clot contraction that oc-
curred during the first 24 hours. Also, a sufficient number
of labeled platelets must be incorporated into a clot before
it can be visualized or detected over blood background lev-
els. Whereas most of the clots in Group I (8 of 12) were
visualized within 4 hours of labeled platelet injection, ad-
ditional smaller clots might have been visualized had the
imaging time been extended. Many of the clots in Group
II (7 of II) were detected within 5 hours of the injection
of labeled platelets (Table 1). These were the larger clots,
which probably afforded a larger surface area for labeled
platelet deposition. Had imaging been extended to 72 hours,
in all dogs, smaller clots might have incorporated enough
labeled platelets to be visualized.
Role of blood pool-subtracted imaging. Blood pool-
subtracted images allowed earlier detection of ventricular
thrombi in five Group II and III dogs (Table 1), two of
which were not killed and were reimaged the following day.
At that time, both the analog and blood pool-subtracted
images were interpreted as positive for a thrombus (Fig. 5).
Therefore, 3 (23%) of 13 analog studies that were interpreted
as negative just before the dog's induced death would have
been converted to true positive studies if the blood pool-
subtracted images had been used (Fig. 4). In addition, thrombi
were visualized 1/2 to 2 hours earlier in Group I dogs on the
blood pool-subtracted images. Furthermore, no false posi-
tive studies resulted from the interpretation of the blood
pool-subtracted images.
Verheught et aI. (28) reported that the detection of left
ventricular thrombus did not improve when blood pooI-
subtraction was performed on images obtained 48 hours after
labeled platelet injection. In their study, sufficient localiza-
tion of indium-Ill platelets must have been present, and
blood background levels were sufficiently low by 48 hours
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that blood pool-subtracted images were not needed for
thrombus visualization.
Mobile clots. In the current study, nine clots were very
mobile. They werethin, stringlikeclots that showeda whip-
like motion that was easily detected with two-dimensional
echocardiography. Conversely, clot mobility may have re-
duced detectability by indium-Ill platelet scintigraphy.
Movement of the thrombus during imaging would make it
more difficult to distinguish it from blood pool activity in
the heart chamber. Four (66%) of six mobileclots that were
not visualized by indium-III platelet imaging in vivo, were
readily visualized when the heart was excised from the chest
(Table 1).
Focal indium-Ill platelet localization. Verheught et
al. (28) reportedfocal ventricularplatelet localization in six
patients who had negative two-dimensional echocardiog-
raphy studies after acute transmural infarction. They sug-
gested that platelet localization along the infarcted endo-
cardial surface might be responsible for the abnormal indium-
111 studies, because mural thrombi were not demonstrated
by two-dimensional echocardiography (29.30). Alterna-
tively, platelet deposition could have occurred in forming
thrombi that embolizedbefore the echocardiographic study.
However, none of the patients in their clinical series had
signs or symptoms of systemic embolism. In our experi-
mental study, there were no false positive indium-Ill plate-
let images, and our data suggest that focal indium-Ill plate-
let localization is observed only when significant thrombus
formation has occurred. In Verheught's series (29), tech-
nical factors may have been responsible for negative two-
dimensional echocardiographic images in six patients.
Causes of false positive echocardiographic findings.
In the current study, there were four false positive two-
dimensional echocardiography studies. Two hearts in the
latter category were found to have subendocardial hema-
tomas near the cardiac apex. These hematomas may have
contributed to the false positive interpretations. In addition.
the relative low frequency of the ultrasound equipmentused
in this study may have been in part responsible for false
positive studies. Also, the difficulty encountered in the dog
model in obtaininggoodapicalviews could havecontributed
to this problem. Improved resolution of newer high fre-
quency equipmentmight reduce the numberof false positive
studies and thereby improve the specificity of two-dimen-
sional echocardiography.
Conclusions. This study indicates that indium-Ill plate-
let scintigraphy wasa sensitiveand highlyspecific technique
for detecting acute ventricular thrombi larger than 0.08 ml
that formedwithinthe firstweekafter transmuralmyocardial
infarction. In this model, blood pool-subtracted images im-
proved sensitivity at earlier imaging times compared with
indium-Ill analog film images, without loss of specificity.
However, it appears that a critical volume of labeled plate-
lets must be incorporated in a thrombus before it will be
detected by either type of image. Most indium-III platelet
imagesbecame positive within the first 24 hours after acute
thrombus formation.
Two-dimensional echocardiography is the imaging mo-
dality of choice for the detection of an apical ventricular
thrombus after acute myocardial infarction , because it has
excellentsensitivity for detecting verysmall intraventricular
thrombi . Two-dimensional echocardiography does not re-
quire any special preparation, takes less time for imaging,
involves no radiationand is less expensive than indium-III
platelet scintigraphy. In addition, platelet inhibitory drugs
may reduce the sensitivity of indium-Ill platelet imaging
(31). Indeed, in many centers, it has become standard prac-
tice to obtain two-dimensional echocardiograms in patients
with acute anterior infarction to detect a possible ventricular
aneurysm and thrombus. In those patients in whom two-
dimensional echocardiography is technically difficult or
equivocal, or both, indium-II I platelet scintigraphyshould
be a useful alternative imaging technique for detecting an
acute ventricular thrombus. Indium-III cell labeling is be-
coming more widely available and platelet scintigraphy is
not affectedby factors such as emphysemaor obesity, which
make two-dimensional echocardiography difficult; further-
more, scintigraphy has satisfactory sensitivity and specific-
ity for clinical use.
We thank Steven Moon for his photographic assistance and Linda J. Mohr
for typing the manuscript.
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